Abstract -The conventional load dispatching among thermal units is determined on the basis of the well-known equal incremental fuel cost law but this method essentically fails to take into account shortterm future load demand. This paper presents a novel load dispatching method which takes into account the response capabilities of thermal units and short-term future load demand. This method has been successfully applied to a sample system. From a series of simulation results, it may be concluded that the optimum forecast period is approximately one hour in which the load demand should be forecast for a total of 4 to 6 points. Application of this method to an on-line load dispatching control in every utility is sufficiently possible at the present time and would be in the future.
INTRODUCTION
Generating facilities in power systems generally consist of units with many loading rate characteristics, that is, hydro, pumped storage, thermal and nuclear units. The loading rates of the hydro and pumped storage units are 20-100 %/min, the thermal units are 1-3 %/min. The nuclear units are not able to follow daily load variations because of their severe operational limits. The approximate configuration of generating facilities is : thermal -64%, hydro and pumped storage-23% and nuclear-13%. Therefore, if the configuration of generating facilities were different, there would be many differences in the amount of generating power which would be possible to respond to load changes within fixed times, say 1-10 minutes. For example, the amount of available generating power within a fixed time in the case of a generating facility with a high hydro to thermal ratio is high because the loading rate is larger than in the case of a generating facility with a low hydro to thermal ratio.
Operating reserve in this paper is defined as the sum of the margin of operating units and the standby capacity of hydro and pumped storage units. If the configuration of generating facilities is fixed, the amount of generation response to load increasing in 1-10 minutes depends on the present generation output of each unit. Forexample, assume a load is shared between two units with the same loading rate: case i) each unit is operating under partial load, case ii) one unit is operating at rated output and the other under light load. In the above two cases, the loading rate within a short time in case i is twice as large as the loading rate of case ii. The reason for this is that each unit can increase power output at its loading rate in case i, but in case ii only one unit can increase power output at its loading rate.
The hydro units are mainly operated to meet a generation schedule detennined on the previous day; the nuclear and hydro units share the predetermined base load of the daily load curve while the remaining load demand is taken care of by the thermal and 82 WM 012-3 A paper recommended and approved by the Fig. 2 (a) . However, when the low efficiency generators reach their lower limits and the demand continues to decrease, the high efficiency generators, which share heavy loads and generally respond well to variable power requirements will also have to decrease their power outputs as shown in Fig. 2 
The proposed algorithm is related to the dispatching of load in the very near future. Namely, it deals with the load dispatching at time t, = to + At1, where to and At1 are the present time and a small increment of time (approximately 1 -10 minutes) respectively. At first, a sequence of demands, D1, D2, ..., Dn at times t,, t2, ... tn are forecast as shown in Fig. 4 . The feasible operational region for a unit i in the period te to tn is depicted by the shaded area in Fig. 5 . In the conventional method, the generation of unit i at time t1 is determined by the equal incremental fuel cost law subject to the upper and lower bounds (the pick-up rates) which are shown as the points a'i., and 8i.1, respectively, in In case of the period C with a steep load demand increase, the high efficiency generators at first increase their loads as shown in Fig. 3(b) . The loads of the high efficiency generators usually reach their upper limits long before the end of that period. Therefore, the low efficiency generators have to increase their loads to meet the increased demand of period C as shown in Fig. 3 (a) . But the low efficiency generators do not react to variable power requirements very well so that sometimes they can not meet the amount of power required for the demand increase. In period E, at first the load demand decreases steeply, and shortly thereafter, it increases steeply and returns to the previous level. It is a similar pattern as would happen in a sequential occurrence of periods A and C. During the time of load demand decreasing in period E, the load shares between generators are done in the same way as during period A, that is, the low efficiency generators, at first, decrease their loads. So, when the load demand increases steeply during the latter part of period E, the low efficiency generators have to follow this demand increase. But sometimes they can not follow the load demand variations because reaction of the low efficiency generators to variable power requirements is poor and the high efficiency generators are operating under their upper limits. Backward dispatching The boundaries of the feasible operational region of the unit i shown in Fig. 5 When the generating outputs of the unit i at to and tn are specified the feasible operational region for the unit i between t0 and tn is written by the following equations,
The upper and lower operational bounds at tn-1, TGUi(tn-1) and TGLi(tn1), are given by the above equations and shown as the points ai.n.1 and bi.n.1 in Fig. 5 corrected by using the specified outputs, Gi.Q and Gi.q (refer to fig.6 ). The desired generation output of the unit i at t5, Gi.
(i=l,..., NG), is calculated by the equal incremental fuel cost law subject to the above corrected bounds. If the SG, does not meet the demand DI, then the above procedure is carried out until tn.
TEST RESULTS FOR SAMPLE SYSTEM
The algorithm has been successfully applied to a sample system which consists of 15 thermal units. The load demand curve is shown in Fig. 7 which includes C, D, E and F periods as shown in Fig. 1 . The characteristics of generators in the sample system are summarized in Table 1 . 
Calculated cases
The calculated cases are shown in Table 2 . Case 1 is the one which is applied by the conventional load dispatching method, in which the desired generation outputs of the units for the next 6 minutes are calculated using just the forecast demand for the next 6 minutes.. Cases from 2 to 11 are the one to which the newly developed load dispatching method is applied. For example, case 5 shows that the desired generation outputs of the units for the next 6 minutes are calculated using the forecast demand for the next 12, 18, 24, 30 and 60 minutes as well as the forecast demand for the next 6 minutes (refer to Fig. 8 ). Fig. 10 12, 18, 24, 30, 36, 42, 48, 54,60 12, 18, 24, 30, 30 60 -60 12, 18, 24, 30, 36, 42, 48, 54, 60, 66, 72, 78, 84, 90, 96, 102, 108, 114, 120 12, 18, 24, 30, 36, 42, 48, 54, 60, 12, 18, 24, 30, 60, 12, 18, 24, 30, 36, 42, 48, 54, 60, 12, 18, 24, 30, 60, Fig. 10 . In actual operation, a similar situation happens occasionally and the operator has to resort to manual regulation of thermal, hydro and pumped storage units. In cases 2, 3 and 6, the shortages of supply occur at 800kW, 1,900kW and 1,800 kW respectively. In the other cases, supply-demand imbalances do not appear. Computing time Maximum time for the calculation of load dispatching among 15 units during one interval using the method developed here is shown in Table 3 . 2929 in Japan are I -3 %/min and 30 -40 % respectively. Since it takes 30 -60 minutes for generation to get to the upper limit from the lower limit and vice versa, the above mentioned forecast period of *one hour, is adequate.
Feasibility of on-line control implementation
A typical automatic generation control (AGC) system in Japan is shown in Fig. 11 of the Appendix. The AGC system is a digital computer. The on-line load dispatching algorithm developed here will be able to replace the conventional on-line economic load dispatching algorithm (item V in on-line economic load dispatching of Appendix) which is the most important one in the on-line economic load dispatching controller shown in Fig. 11 .
Since, the load dispatching program developed here is principally based on the incremental fuel cost law, the program size of the developed method is approximately similar to the conventional method. The calculating time is proportional to the number of units, so that it is nearly one sec for 50 units. Application of this method to an on-line load dispatching control in every utility is sufficiently possible at the present time and would be in the future.
CONCLUSION
The conventional load dispatching among the thermal units is determined on the basis of the well-known equal incremental fuel cost law. However, this method essentially fails to take into account short-term future load demand. Therefore, the operator usually has to manually regulate the power generation of the thermal units when the load demand changes steeply for a long time.
This paper presents a novel load dispatching method which takes into account the response capabilities of thermal units and shortterm future load demand. This method has been successfully applied to a sample system. From a series of simulation results, it may be concluded that the optimum forecast period is approximately one hour in-which the load demand should be forecast for a total of 4 to 6 points. At present, an electric power company in Japan is developing an on-line control program to implement the algorithm developed here. 
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